ABSTRACT: For many Shell-operated fields around the world, time-lapse reservoir monitoring (4D) is now an integral part of field management and some 25 dedicated 4D surveys were acquired for this purpose by the end of 2002. This widespread application is the result of a focused implementation effort aimed at global deployment to maximize the value extracted from the surveys in terms of saved costs, increased production, increased recovery and improved HSE management, where effective implementation is achieved through a combination of global operatorship and technology capability.
(1) today's 'proven' 4D technology portfolio, which is about monitoring fluid movements in thick clastic oil reservoirs offshore. Results come largely from comparing reservoir simulator output with difference maps derived from repeat 4D streamer surveys; (2) a 'stretch' portfolio where the technology is applied to gas reservoirs, land data, stacked reservoirs, carbonate fields and to the monitoring of pressure changes; (3) a 'tomorrow's technology' portfolio, which has the potential to increase the application base even further. The new technologies are about the use of permanent arrays, downhole acquisition, passive listening and 'smart fieldsẃ here semi-continuous 4D monitoring provides eyes and ears between the wells.
More and more value is realized as 4D becomes fully integrated with subsurface work flows and modelling tools. Benefits from 4D technology for individual fields can be in the tens or hundreds of millions of dollars. A large fraction of these come from 4D surprises, illustrating that we tend to underestimate our uncertainties and suggesting different approaches to field management.
INTRODUCTION
In almost all cases, we have an incomplete understanding of our reservoirs and how they will behave during production. Issues such as connectivity, compartmentalization and water encroachment have large uncertainties. As a result we often do not know how our reservoirs will behave until we flow them. Once we have a production history, reservoir models can be constrained by history matching with well production data, but the solution is most often not unique as the amount of well data is rather sparse and local. 4D monitoring can address some of this ambiguity.
The issues involved in the implementation of a global 4D seismic strategy are discussed in this introductory paper, using examples from Shell's world-wide experience. For many Shell-operated fields around the world, reservoir monitoring using 4D seismic data is now an integral part of field management. This widespread application is the result of a focused two-year implementation effort aimed at global deployment of the technology. The mission of this implementation thrust is not to maximize the number of 4D surveys, but to maximize the value extracted from them in terms of saved costs, increased production, increased recovery and improved Health, Safety and Environment (HSE) management. This is achieved by making 4D technology an integral part of the exploration and production 'Value Loop' (Fig. 1) . The approach taken in the implementation thrust is discussed below, together with some of the results obtained and their business impact.
A 4D IMPLEMENTATION THRUST
The project kick-off Prior to the start of the implementation project some Shell-operating units, in particular in the North Sea, had already started to acquire and interpret dedicated 4D seismic data. 4D applications in the Draugen Field in Norway and Gannet C in the UK developed into success stories and provided the impetus to make 4D reservoir imaging a technology focus area (Gabriels et al. 1999; Koster et al. 2000; Hartung et al. 2000; Kloosterman et al. 2003) . The success in these projects was larger and better then expected and contributed to a drive for the implementation of 4D technology elsewhere in the world.
A back-of-the-envelope calculation carried out for a limited number of assets for which 4D technology seemed applicable, both from a business and a technology point of view, suggested significant benefits that could be realized within two to three years. Benefits would be significantly larger if we would succeed in stretching the application of 4D technology by solving some of the existing technology barriers over the same period. The demonstration of existing business successes along with potentially large near-future value to the group soon received management attention as well as bringing non-geophysicist technical staff on board, especially reservoir engineers. With a pull from senior management in operating units, and a push from technical staff, the project generated widespread interest and activity.
Components of the thrust
Screening. World-wide, a large number of assets have been screened for potential application of time-lapse reservoir imaging using an empirical approach similar to that suggested by Lumley et al. (1997) . Feasibility studies. Feasibility studies have been carried out for a promising subset of these assets. These feasibility studies involve a study of the rock and fluid properties, the existing seismic data, repeatability issues and the business drivers for 4D. They also involve modelling of the expected subsurface changes using integrated subsurface modelling tools and translating these into the anticipated 4D signal to check if these can be detected and to optimally time the acquisition of the 4D seismic monitor survey (Onstein et al. 1999; Hatchell et al. 2002) . Project execution. The technologies used within 4D project execution are grouped into data acquisition, data processing and the interpretation stage, which is a part of the integrated subsurface modelling work flow (Fig. 2) .
Seismic technology, which has been evolving for 80 years, still forms the basis of most data gathering. Acquisition can be through offshore streamer surveys, land surveys or using downhole detectors. Assistance may be given in terms of acquisition design and QA/QC support. But it is the processing and modelling of the data that have shown the greatest advance in technologies for understanding reservoirs and for reducing and managing the uncertainties associated with them. Skills transfer. The North Sea assets had already acquired a considerable 4D skill base; elsewhere there was less 4D experience. This issue is addressed by making use of a global skill and knowledge base to provide assistance, whenever appropriate. 4D workshops, involving operating units from around the world, were organized to exchange best practices and the topic was given considerable attention at company technical conferences and workshops. Global working is stimulated through the extensive use of IT-based global discussion forums and dedicated 4D web pages on the company intra-net. Capturing learning. Capturing learning is an essential part of the project, with the learning captured in a formal 4D knowledge base, in course materials and in special 4D newsletters made available to all relevant staff. Technology development. Quite a range of acquisition, processing, interpretation, modelling, simulation and visualization technologies either developed by Shell or bought 'off the shelf' have been adapted to optimize their use in the context of 4D modelling (Hatchell et al. 2002) . A key element in evaluating time-lapse seismic data involves the comparison of observed seismic differences with predicted seismic differences generated for a number of possible reservoir scenarios, and thereby constraining the latter. This process of making time-lapse observations and updating the earth model is referred to as 'closing-the-loop'. The complete integrated work flow as executed in Shell has been named 4DATWe (4D-all-the-way).
Of particular interest are the use of fast Linux-based PC clusters to reduce 4D seismic processing turnaround time, integrated tools for subsurface modelling and the use of virtual reality centres for visualization and integrated decision-making.
GLOBAL DEPLOYMENT
Activity remains highest in the North Sea area, but is spreading globally. The thrust has backing from the highest levels of Shell EP, but it has been important to get both high-level management and technical staff in operating units on board throughout the world, to ensure their buy-in. From the very beginning, at the two-day project kick-off meeting, attendees came from Africa, Europe, the Middle East and North America. Visits have subsequently been made regularly to all these areas and also to Australasia and SE Asia. In each case, the value proposition has been made to all levels of the company and technical introductions given. The challenges vary greatly by country and/or area. For example:
+ in some areas significant production has occurred before the first 3D surveys; + complicated overburden gives poor quality seismic data in some regions; + hard reservoirs, notably carbonates, often yield a small 4D signal; + proofing the cost/benefits of dedicated 4D data can be challenging when large amounts of 'spec' data' are available.
Shell is now some thirty months into the implementation project and over that relatively short period we have managed to move from lagging to leading in the deployment of 4D technology. There are at the moment more than 60 active 4D projects on Shell-operated assets. By the end of 2001, dedicated 4D surveys were acquired for some 25 of these. A similar number of surveys are expected for 2002. The geographical spread of the Shell-operated projects is shown in Figure 3 . Including non-dedicated 4D surveys, surveys on non-operated assets and downhole trials brings the total number of 4D projects in which Shell has some involvement close to 100.
APPLICATION PORTFOLIOS
In addition to the challenge of ensuring the technology is deployed world-wide, there is the challenge to extend its range of applicability. Time-lapse technology has previously been applied mainly for thick oil reservoirs in the marine environment. In order to obtain the maximum value extraction from 4D data we had to address the uptake for land, for heavy-oil fields, for stacked reservoirs and for gas reservoirs. To achieve this the project has three application portfolios.
(1) Today's 'proven' 4D technology portfolio, which is about monitoring fluid movements in thick clastic oil reservoirs offshore. Results come largely from comparing reservoir simulator output with difference maps derived from repeat 4D streamer surveys. This portfolio includes surveys in the North Sea, offshore Nigeria and in the Gulf of Mexico. Some 25% of Shell's reserves fall into this category. (2) A higher-risk 'stretch' portfolio where the technology is applied to gas reservoirs, land data, stacked reservoirs, carbonate fields and to monitor pressure changes. A further 25% of Shell's reserves fall in this bracket and provide the challenge needed to extend the scope and application of 4D technology. Examples include land repeat surveys in the Middle East and Nigeria, gas depletion and reservoir compartmentalization monitoring offshore Northern Europe, time-lapse surveys over a gas carbonate field in Malaysia and surveys to monitor gas-water movements in New Zealand. (3) A high-risk 'tomorrow's technology' portfolio, which has the potential to increase the application base even further.
The new approaches include the use of permanent arrays, 
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